Abstract. To determine markers of Taenia solium transmission and risk factors in an urban community, we studied 1,000 soldiers from a military camp in Mexico City and their relatives. Serum samples were used to detect antigens and antibodies and fecal specimens were examined for Taenia coproantigens and helminth eggs. Prevalences of 12.2% and 5.8% for cysticercosis were found among soldiers and their relatives, respectively. Taeniasis was found in 0.5% and none of the groups, respectively. Relatives of soldiers positive for cysticercosis and taeniasis markers ate more pork from street stores than restaurants or markets compared with relatives of soldiers without these indicators of infection. Also, 12.0% of the relatives of positive soldiers had a history of expelling tapeworm proglottids in the feces in contrast to 3.7% of the family members of the control group. Prevalence values and risk factors in this urban population are similar to those of previous studies performed in rural populations.
Taeniasis and cysticercosis caused by the tapeworm Taenia solium are prevalent in humans in many developing countries of Latin America, Africa, and Asia that lack proper sanitary infrastructure and adequate hygienic conditions. 1, 2 As a result of migration from endemic areas, an increase in neurocysticercosis cases has also occurred in developed countries. 3 Human neurocysticercosis is a disabling and occasionally fatal disease. 1, 2 Several epidemiologic surveys have been performed in rural populations to identify risk factors for taeniasis or cysticercosis and estimate prevalence. Diagnosis of cysticercosis is usually performed by immunologic assays such as an ELISA and Western blotting to detect cysticercal antibodies. Computed tomography has been used only as a reference or gold standard. Immunodiagnosis of taeniasis has been recently evaluated in field studies by an ELISA for coproantigen detection. Values of up to 11.0% and 1.5% for cysticercosis and taeniasis, respectively, have been reported in these studies. [4] [5] [6] [7] [8] [9] [10] [11] A newer assay for the diagnosis of neurocysticercosis is an ELISA for detection or circulating antigens. 9, 12 The prevalence of neurocysticercosis has also been estimated from clinical information of hospitalized populations and from autopsy studies. 2 Nevertheless, no information is available from urban areas due to the lack of epidemiologic studies of their populations. The purpose of the present investigation was to analyze demographic, epidemiologic, and clinical characteristics associated with taeniasis and cysticercosis markers in an urban population.
MATERIALS AND METHODS
A cross-sectional study was performed on 1,000 soldiers Ն 18 years of age. Subjects were selected by random sampling of 15,000 persons working in a military camp in Mexico City. Sample size was calculated using Epi-Info version 6.04 software (Centers for Diseases Control and Prevention, CDC, Atlanta, GA). The study was designed following the Helsinki Declaration rules and was approved by the Ethics Committee of the National Institute of Epidemiological Diagnosis and Reference of the Ministry of Health of Mexico. Before entry into the study, all individuals received detailed information about the procedures and use of the data. All subjects signed an informed consent letter before their samples were obtained. Identification confidentiality was granted to all participants. A questionnaire regarding epidemiologic, demographic, and clinical information was given to each individual. It included name, military grade, gender, age, education level, history of headache, seizures, proglottid expulsion, alimentary habits, and feces disposal. Blood and fecal samples were obtained from each individual. Cysticercal antigens were detected in serum by the method of Correa and others 12 modified by Aranda and others. 9 This method is an ELISA based on rabbit polyclonal antibodies adsorbed to plates. Antigens present in serum samples and captured by antibodies fixed to the wells of the ELISA plates were developed with the same antibodies that were labeled with biotin. Anti-cysticercus antibodies were detected by two methods: an ELISA with a crude extract as standardized by Espinoza and others 13 and Western blotting with lentil-lectin-purified glycoproteins as reported by Tsang and others. 14 Fecal specimens were examined for Taenia sp. by an antigen capture ELISA with polyclonal antibodies against Taenia solium adult parasites and antibodies labeled with peroxidase to develop the reaction. 15 Helminth eggs or larvae were detected by coproparasitoscopic studies using Kato-Katz, Faust, and Graham techniques. 16 Soldiers who were positive for taeniasis or cysticercosis markers were matched with negative individuals according to the following characteristics: residence in Mexico City with their family, military grade, type of work in the military camp, gender, age, and education level. Twenty-seven households from each group that fulfilled these requirements were selected and studied. There were 117 members in families in the positive group and 110 in the negative group. This population was given a questionnaire similar to the one given to the soldiers. Blood and fecal samples were obtained and analyzed as above.
Statistical analysis. The SPSS (SPSS Institute, Chicago, 
RESULTS
The prevalence of markers associated with cysticercosis or taeniasis in soldiers was 2.8% for circulating cysticercal antigens, 12.2% for antibodies detected by Western blotting, and 0.1% by ELISA. The overall frequency of positive test results for antigens and antibodies was 14.7%. In feces, taeniasis was found in 0.5% of the soldiers by the coproantigen ELISA and in 0.1% by coproparasitoscopic studies. No soldier had markers for cysticercosis and taeniasis or both antibodies and antigens for these diseases. The frequencies of other helminthic infections were Strongyloides stercoralis 2.7%, Trichuris trichiura 2.1%, Necator americanus 1.9%, Ascaris lumbricoides 1.0%, Hymenolepis nana 0.6%, and Enterobius vermicularis 0.1% (Table 1) .
Comparison of the presence of demographic, epidemiologic, and hygienic risk factors in positive and negative soldiers showed no statistically significant differences between the two groups. There was no association between infection with other helminths and markers for cysticercosis or taeniasis. On the other hand, 4.2% of the serum samples obtained from relatives of positive soldiers were positive for circulating antigens and 5.8% were positive for antibodies detected by Western blotting. None of these individuals had antibodies identified by the ELISA. Again, there were no cases in which both antigens and antibodies were detected. Taenia eggs and coproantigens were not detected. Ascaris lumbricoides was found in 3.3% of the subjects, and hookworms, T. trichiura, and H. nana in 1.6%. No association between infection with these helminths and markers for cysticercosis and taeniasis was found. There were also no significant differences between the presence of markers for cysticercosis, taeniasis, or other helminths when relatives of positive and negative soldiers were compared (Table 2) . With respect to other risk factors, a comparison between relatives of positive soldiers showed a lower mean age (Table 3) than relatives of negative soldiers. Family members of positive soldiers ate more frequently in street stores than in restaurants or markets and ate pork more frequently than the relatives of negative soldiers. However, these differences were not significant (P ϭ 0.06). Family members of soldiers who passed proglottids in their stools did so more frequently than family members of soldiers who did not report excretion of proglottids (Table 3 ). Three relatives of positive soldiers had a clinical history of cysticercosis whereas none in the negative group had this history (P ϭ 0.10). There were no other demographic, epidemiologic, clinical, hygienic, or laboratory findings that were different between relatives of positive and negative soldiers.
DISCUSSION
This is to our knowledge the first cross-sectional study that has described the frequency of cysticercosis and taeniasis markers and their association with demographic, epidemiologic, clinical, and hygienic risk factors in an urban population. Families of positive and negative soldiers were also investigated. The results are similar to those of previous studies performed in selected populations. For example, a survey of 40 years of autopsy studies performed in general hospitals in Mexico and other Latin American countries 17 showed that the average frequency of neurocysticercosis was 2%. In this study, 2.8% of the individuals had cysticercosis markers detected by the presence of specific circulating antigens.
Seroepidemiologic studies performed in rural communities in Mexico [4] [5] [6] [7] [8] [9] [10] [11] have shown that up to 11% of the people have cysticercal antibodies. In the recent study, 14.7% of the soldiers were seropositive, indicating that exposure to the parasite can be high and independent of living in an urban or rural environment. The probability of detecting antibodies is higher in the index cases than in their families (12.2% versus 5.8%). The prevalence of Taenia eggs in Mexico ranges between 0.1% and 1.5%, 11 and positivity for coproantigens in rural communities is 0.8%. 10 Similar values were found in this study: 0.1% by coproparasitoscopic studies and 0.5% by the ELISA. Tapeworm carriers in the household is the main risk factor for transmission as demonstrated in several studies. [4] [5] [6] [7] [8] [9] [10] [11] The findings in this study further support the importance of this risk factor. The lack of Taenia eggs or coproantigens in families of positive soldiers can be explained by the fact that development of taeniasis and cysticercosis are not necessarily closely related in time. Dixon and Lipscomb 18 demonstrated that neurologic symptoms or subcutaneous nodules usually appear two years after infection, but they can also appear up to 30 years after infection. Other risk factors identified for cysticercosis in rural conditions [4] [5] [6] [7] [8] [9] [10] [11] were also demonstrated in the current study conducted in urban conditions. It is worth noting that the various techniques used to detect markers of cysticercosis and taeniasis gave discordant results. Only one soldier was positive for antibodies by the ELISA. This subject was also positive by Western blotting, but no other case was positive by the ELISA. Western blotting has been reported to be the more sensitive method for antibody detection. 14 No individual was positive for both antigen and antibody. This was reported in a previous study. 9 It is possible that antibodies bind antigen and thus make the latter undetectable in the circulation. On the other hand, the coproantigen capture ELISA had more positive results than coproparasitoscopic assays for taeniasis. The higher sensitivity of the immunologic test in the latter case has been established. 15 It should be emphasized that a clinical history of taeniasis in a family member, defined as elimination of proglottids in the feces, should be taken into account by health personnel to prevent other members of the family from becoming infected. Likewise, public health authorities should control street food to reduce new cases of T. solium infections by means of hygienic and sanitary measures.
